Hippocampal cell death following ischemia: effects of brain temperature and anesthesia.
The effect of brain temperature and anesthesia on ischemic neuronal damage was studied in the hippocampal formation using the four vessel occlusion model in awake and anesthetized rats. Neuronal damage was assessed by immunocytochemistry and silver impregnation of tissue sections. The degree of ischemia was monitored by recording spontaneous and evoked electrical activity from the hippocampus and dentate gyrus in all animals. In addition, the hippocampal temperature and oxygen tension were also recorded using a chamber-type thin-film microelectrode in the anesthetized animals. Fifteen minutes ischemia in the awake animals caused greater neuronal damage and mortality of animals than 30 min ischemia in anesthetized rats. The temperature of the brain was found to drop by 4-6 degrees C during complete forebrain ischemia in the latter group. Neuronal damage was observed infrequently in the hippocampus of these animals. When the brain temperature was kept constant at the preischemic level during 30 min occlusion, all animals died within a day, while after 15 min occlusion the majority showed an almost complete degeneration of CA1 pyramidal cells and hilar somatostatin immunoreactive neurons. Following 15 min ischemia, the awake animals showed a similar cell loss in the CA1 region and the hilus. It is concluded that, in the anesthetized animals prepared for acute recording, the decreased temperature of the brain during ischemia is a major factor in protecting neurons from damage, but that Equithesin anesthesia also has a significant protective effect. Consistent ischemic degeneration occurs in awake animals by four vessel occlusion, if the brain temperature is controlled and the completeness of ischemia is monitored by recording spontaneous and evoked electrical activity with chronic electrodes.